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(57) Abstract: The present invention is a structural reinforcement part for use in automobile assembly comprising a molded shell 
substantially filled with a structural filler material and an expandable adhesive in contact with the exterior of the molded shell; 
wherein the structural filler material does not undergo or require any chemical reaction or expansion, after part installation or during 
automotive assembly. This simplified structural reinforcement part does not require the in-situ foaming process of the prior art and 
produces a strong lightweight structural member which can be adhered to the automotive skeleton via the expandable adhesive upon 
exposure to heat during automotive assembly. This structural member offers easy installation, since no bulk systems, pumps or 
additional equipment is required. 



WO 03/047951 PCT/US02/37584 
STRUCTURAL REINFORCEMENT PARTS FOR AUTOMOTIVE ASSEMBLY 



The present invention relates to structural reinforcement parts which are useful in 
automotive applications. 

5 

Reducing automotive vehicle weight, while maintaining safety and structural 
performance requirements, is a key design challenge facing automotive engineers. 
Minimizing vehicle mass is also essential in meeting increasingly stringent fuel economy, 
CAFE (Corporate Average Fuel Economy), and emission requirements. Engineers must 

1 0 find new methods, processes, and technologies to minimize vehicle weight without 
sacrificing engineering design requirements. 

Conventional methods to improve body structure performance include modifying 
sheet metal thicknesses, modifying structure cross-section dimensions, and adding 
additional reinforcements and sheet metal pieces. 

15 U.S. 5,194,199 discloses a structural part, such as a beam for vehicle construction, 

formed of a hollow metal member and a prefabricated reinforcing core of light-weight 
material. The part is produced by providing the core with a shell of heat-foamable material, 
and subjecting the assembly to a heated immersion-coating operation to expand the heat- 
foamable material. However this process requires a foaming shell which allows for 

20 uncertainty in the shape and size of the shell. 

WO 01/55523 discloses a reinforcing member for a structural component comprising 
a carrier and a thermally expansible structural reinforcing material element. The thermally 
expansible reinforcing material is a synthetic resin which foams during high temperature 
baking in the automobile manufacturing process, (for example paint and powder coat bake 

25 stage). However, these foaming in-place processes are not preferred, due to the difficulty in 
controlling the core foam expansion path and direction, and also in minimizing foam usage 
and weight within the core. 

WO 01/58741 discloses a structural reinforcement system for automobiles 
comprising a skeletal member and an expandable material disposed thereon for bonding the 

30 reinforcement system to the automotive frame. WO 01/68394 discloses a heat activated 
reinforcing sleeve comprising a polymer carrier and a heat activated structural foam 
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reinforcing medium, such as epoxy based resin. However, these systems require complex 
frames having multiple reinforcing ribs. 

Therefore, there remains a continued need for high performing, lightweight, cost- 
effective, process-friendly structural reinforcement parts for use in automobile frame and 
5 body structure applications. 

In one aspect, the present invention is a structural reinforcement part for use in 
automobile applications, comprising: 

1) a structural filler material; 

10 

2) a polymeric shell having an exterior surface, which shell contains the 
structural filler material so that the filler material substantially occupies the 
cavity of the shell; and 

15 3) a heat-activated expandable adhesive in contact with the exterior surface 

of the polymeric shell; 
wherein the structural filler material does not undergo or require any chemical reaction or 
expansion, after part installation or during automotive assembly. 

In another aspect, the present invention is a method for producing the 
20 structural reinforcement part for automotive assembly of Claim 1 comprising: 

1) forming a molded polymeric shell, having a cavity and an exterior face; 

2) injecting into said cavity a structural filler material or components thereof 
such that the cavity is substantially filled, and 

25 

3) contacting an expandable adhesive with the exterior face of the polymeric 
shell; 

wherein the structural filler material does not undergo any chemical reaction or expansion, 
after part installation or during automotive assembly. 
30 Specific features and characteristics of the material components listed above can be 

manipulated and modified in order to provide significant design flexibility such that each 
part can meets its specific application performance requirements for the minimum possible 

2 
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part weight. The molded shell can vary in material type, shape, thickness, and number of 
integrated design features. The structural filler material type and density can also be varied 
to provide the optimum performance levels. The combined behavior of all the material 
comprised in the part results in superior structural performance with respect to strength, 
5 stiffness, and energy absorption characteristics. 

The part components specified can be manifested into several different part 
embodiments. A thick-walled shell can be surrounded by lighter density foam such that the 
majority of the part strength is provided by the surrounding shell vessel. Another 
embodiment involves a thinner, semi-structural shell filled with higher density structural 
10 filler material, such that structural demands are shared by both materials. Another 

embodiment uses a thin-walled molded shell which functions primarily as a carrier and 
transfer agent for high strength and energy absorbing core filler material. Various part 
embodiments can also perform dual purpose as an acoustic sealer as well as a structural 
reinforcement. 

15 This simplified structural reinforcement part does not require in-situ foaming of the 

structural filler material as in the prior art and produces a strong lightweight structural 
member which can be adhered to the automotive frame via the expandable adhesive, upon 
exposure to heat during the automotive assembly process. This structural reinforcement part 
offers ease of installation, since no bulk systems, pumps, or additional equipment is 

20 required. 

Figure A is a cross-sectional view of a structural reinforcement part, wherein I is the 
surrounding structure of the automobile frame, II is the expandable adhesive, III is the 
molded shell and IV is the structural filler material. 

25 The structural reinforcement part of the present invention comprises a molded shell, 

having a set shape and size, wherein the shell comprises a polymer wall having an interior 
and an exterior face, and a space defined by said interior face. The molded shell can be 
produced from any high temperature resistant performance plastic which can withstand 
process environment conditions and automotive assembly plant oven temperatures without 

30 showing significant degradation in performance. That is, the molded shell will retain its' 
size and shape at such temperatures experienced in the automotive assembly process 
without any detrimental deformation. Typical plastic materials include, but are not limited 
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to, semi-crystalline or amorphous materials including, polyamides such as nylon 6, nylon 
6/6, nylon 6/6/6, polyolefins such as polyethylene or polypropylene, syndiotactic vinyl 
aromatic polymers such as syndiotactic polystyrene (SPS) and any blends thereof. Other 
potential polymers include polyesters, polyesteramides, polyarylates, polyurethanes, 
5 polyureas, polyphenylene sulfides, and polyetherimides. 

The molded shell can be produced by any molding technique which will produce a 
shell having a set shape and size, a polymer wall having an interior and exterior face, and a 
space defined by the interior polymer wall face, or inner boundary of the shell. Typical 
molding techniques include, but are not limited to, well known processes such as blow 

10 molding, injection molding, rotational molding, pressure forming and the like. 

The molded shell can vary in shape, size, and thickness depending on the desired 
cavity size and application requirements in order to balance strength, dimensional stability, 
and mass objectives. Preferably the molded shell is a rectangular or square shape, having a 
single space defined by the interior face of the shell for which to be filled with acceptable 

1 5 structural expandable material. Molded shell geometry can also integrate other design 
features such as ribs, local contours, or tack-offs in order to optimize functional part 
performance. Typically, the polymer wall will be a thickness so as to conserve material and 
reduce weight. The wall thickness will typically vary from 1.5 mm to 10 mm, depending 
upon the materials used and the specific application requirements. 

20 The structural filler material can be any material which can be used to offer 

structural reinforcement to the molded shell. The material can be selected depending upon 
the properties required in the specific application. 

Typically, the molded shell encases a foam structural filler material which is 
expanded and cured prior to part installation. The foam material is disposed in and fills the 

25 space defined within the inner face of the polymer wall. In other words the foam material is 
in substantial continuous contact with the inner face of the polymer wall. The foam material 
will typically have a density from 5 pounds per cubic feet (80 Kg/m 3 ) to 25 pounds per 
cubic feet (400 Kg/m 3 ) once fully expanded. The foam filler material will be injected, 
expanded and fully cured in the molded shell prior to installation into an automotive body 

30 cavity. 

In one embodiment, the structural filler material is a polyurethane thermoset 
polymer foam. However, other structural filler material types can also be used such as other 
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thermoset and thermoplastic fillers including epoxies, polyurethane hybrids, polyolefins, 
syndiotactics, composites, and other rigid foams. Non-plastic filler materials such as 
aluminum foam, organic and non-organic (ceramic and metallic) foams can also used. 

Any method of introduction into the molded shell can be used for placement of the 
5 structural filler material. Typically, filler material is placed or injected and fully-reacted 
within the molded shell cavity prior to insertion in the automotive body structure cavity. A 
pump unit, or other appropriate injection technique, can be used to inject filler material into 
the molded shell. 

Structural filler material is typically injected into the molded shell prior to the part 

10 placement in an automotive assembly process. The molded shell will have some means of 
introduction, such as an insertion hole, for the structural filler material. This means can be 
any embodiment so as to allow for the injection or insertion of structural filler material or 
components thereof. Typically, components will comprise a polymer or monomers and 
blowing agent. In some cases the material is produced from the combination of "A-side" 

15 and "B-side" components which cure under ambient conditions. For example, the A-side 
may consist of isocyanate prepolymer or polymeric methylene diphenyl isocyanate (MDI) 
and the B-side may consist of a polyol blend nominally consisting of various polyols, 
surfactants, catalysts, and water. The filler material can also contain fillers such as glass 
beads, thixotropic additives, and other composite fibers. Blowing agents include any 

20 blowing agent which can be used with the material selected for the structural filler material 
and can be either chemical, physical blowing agents or combinations thereof. The blowing 
agents can be combined with the polymer in a pre-mixed state and injected into the molded 
shell or may be added simultaneously with the polymer or polymer components. Single 
component foam materials and systems can also be used, such as those described in U.S. 

25 patents 4,923,902 and 4,995,545, incorporated herein by reference. 

In addition to the molded shell and structural filler material, the structural 
reinforcement part also comprises an expandable adhesive in contact with the outer face of 
the molded shell. The expandable adhesive can be any organic material which will activate 
at temperatures experienced in relevant automotive body treatment processes such as e-coat, 

30 paint, or sealer ovens, i.e. 1 10 °C or higher, to expand and adhere to the surrounding 

structure. A typical expandable adhesive includes a polymeric base material, such as an 
epoxy resin or ethylene-based polymer which, when compounded with appropriate 
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ingredients (typically a blowing and curing agent), expands and cures in a reliable and 
predictable manner upon the application of heat. The expandable adhesive will also 
crosslink upon curing or achieve it's final shape, rendering the material incapable of further 
flow or shape change. Any material that is heat-activated and expands and cures in a 
5 predictable and reliable manner under appropriate conditions, while meeting structural 
requirements, for the selected application can be used. Other useful materials include 
polyolefins, copolymers and terpolymers with at least one monomer type an alpha-olefin, 
phenol/formaldehyde materials, phenoxy materials, and polyurethane materials with high 
glass transition temperature such as in U.S. 5,766,719; 5,755,486, 5,575526; 5,932,680. 

1 0 Flowable expandable adhesive can be applied to the outer face of the shell wall in 

any manner, including dipping, laminating, brushing, rolling, co-extruding. Additionally, 
the expandable adhesive can be preformed or die-cut into pieces, which can be placed or 
adhered to the outer face of the shell wall. In one embodiment, the expandable adhesive is 
substantially continuous throughout the periphery of the outer face. 

1 5 Once the reinforcement structural part is produced, the structural part can be placed 

in the desired cavity during automotive product assembly. Upon exposure to temperatures 
of 1 1 0 °C or above, the expandable adhesive on the exterior of the shell will foam and 
additionally adhere to the application frame, while the structural foam material will not 
further react or expand under such conditions. It is possible that the structural part. may 

20 require some type of temporary mechanical fastener or adhesive to hold in place until the 
adhesive is activated. Additionally, the adhesive will expand to fill the gaps that exists 
between the exterior expandable material and the surrounding frame or structure. 

The present invention allows for maximum flexibility with design of a structural 
reinforcement part due to the freedom in selection of material for both the molded shell and 

25 structural filler material. It is light in weight, and the strength of the part material can be 
optimized by increasing or decreasing the foam density, shell thickness, shell material type, 
shell design features, or overall shell geometry. 

In one embodiment, the molded shell is produced from a composition comprising a 
nylon polymer, the structural filler is a polyurethane foam, and the expandable adhesive is 

30 an heat-activated expandable foam. 
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WHAT IS CLAIMED IS: 

1 . The present invention is a structural reinforcement part for use in automobile 
applications, comprising: 

5 

1) a structural filler material; 

2) a polymeric shell having an exterior surface, which shell contains the 
structural filler material so that the filler material substantially occupies the 
cavity of the shell; and 

10 3) a heat-activated expandable adhesive in contact with the exterior surface 

of the polymeric shell; 

wherein the structural filler material does not undergo or require any chemical reaction or 
expansion, after part installation or during automotive assembly. 

2. The structural reinforcement part of Claim 1, wherein the molded 

1 5 shell is produced from a polyamide, a polyolefin, a syndiotactic vinyl aromatic polymer, or 
a blend thereof. 

3. The structural reinforcement part of Claim 1 , wherein the molded 
shell is produced from a polyamide. 

4. The structural reinforcement part of any of Claims 1 -3, wherein the 
20 structural filler material is a polyurethane foam or an aluminum foam. 

5. The structural reinforcement part of Claim 4, wherein the structural 
filler materia] is a polyurethane foam. 

6. The structural reinforcement part of any of Claims 1 -5, wherein the 
expandable adhesive is an expandable epoxy, polyolefin or thermoplastic polyurethane. 

25 7. A method for producing the structural reinforcement part for 

automotive assembly of Claim 1 comprising: 

1) forming a molded polymeric shell, having a cavity and an exterior face; 

2) injecting into said cavity a structural filler material or components thereof 
such that the cavity is substantially filled, and 

30 3) contacting an expandable adhesive with the exterior face of the polymeric 

shell; 
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wherein the structural filler material does not undergo any chemical reaction or expansion, 
after part installation or during automotive assembly. 

8. The method of Claim 7 wherein the molded shell is blow molded, 
rotational molded or injection molded. 
5 9. The method of either of Claims 7 or 8 wherein the expandable 

adhesive is coated onto the exterior face of the polymer wall. 

1 0. The method of either of Claims 7 or 8 wherein the expandable 
adhesive is preformed or cut and adhered to the exterior face of the polymer wall. 
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